I nterleukin-22 is a type II cytokine that was identified ∼10 years ago as a result of its low homology to IL-10 (1). Although originally reported to be made by activated human Th1 and conventional NK cells (2) , studies over the past few years have demonstrated that IL-22 is highly dependent on IL-23 for its production from Th17 and g d T cells, as well as the novel noncytolytic mucosal NK and lymphoid tissue-inducer cells (3) (4) (5) (6) . Most recently, IL-22 has been found to be expressed from novel skin-homing Th22 cell lineages (7) (8) (9) (10) . IL-22 signals into a cell via a complex that it forms with IL-22R and IL-10R2 (11) (12) (13) (14) . These receptor subunits belong to the cytokine receptor family 2, the members being receptors for type II cytokines and including the IFNs (15) . Although IL-10R2 is expressed ubiquitously, almost all data suggest that IL-22R is expressed only on epithelial cells and some fibroblasts (16, 17) . This restricted expression of IL-22R indicates that IL-22 acts directly on nonimmune cells in peripheral tissues to exert its functions.
IL-22 has a critical role in modulating local inflammation in certain organs. IL-22 contributes to the maintenance of mucosal barrier integrity and generation of a protective inflammatory response against certain extracellular bacterial pathogens (18, 19) . IL-22 alone is able to induce skin hyperplasia and epidermal wound healing (10, 20) . IL-22 is also involved in noninfectious inflammatory disease states and can play either a pathogenic (i.e., skin, joints) or protective (i.e., gut, liver) role (21) (22) (23) (24) (25) (26) . The gross affect of IL-22 signaling is dependent on the cellular and biochemical milieu in which IL-22 effects gene expression. IL-22 has the capacity, particularly in synergy with other cytokines, to induce gene expression for antimicrobial peptides, chemokines, matrix metalloproteinases, cytokines, and acute-phase proteins from epithelial cells in the skin, gut, lung, or liver (10, (18) (19) (20) 27 ).
The liver is required for the constitutive production of blood proteins and is the major source of acute-phase proteins (e.g., serum amyloid A [SAA], fibrinogen, C-reactive protein). With uncontrolled local tissue inflammation, IL-6 and other family members, TNF-a, and IL-1b circulate to the liver and induce the production of these acute-phase proteins that subsequently function within, and are indicative of, an acute-phase response (28) (29) (30) . In the context of a typical infection or trauma, the acute-phase response is a transient and systemic modulation of physiological systems that together facilitate an immune response, resolve the local inflammation, repair the injured tissue, and re-establish homeostasis (28) (29) (30) . In the context of dysregulated inflammation and autoimmunity, the acute-phase response is chronic, with the potential for the inflammation to become more systemic. Early studies suggested that IL-22 may induce an acute-phase response. Dumoutier et al. (31) identified an IL-22-dependent induction of acute-phase protein gene expression from the HepG2 hepatocellular carcinoma-derived cell line and from the liver. Wolk et al. (17) subsequently reported increased levels of circulating SAA postadministration of IL-22.
In this study, we report that sustained IL-22 exposure leads to an acute-phase response that is detected at the blood (i.e., modulation of acute-phase proteins and blood cells), organ (i.e., thymic involution), and whole animal (decrease in body weight) level. We further show that a single i.p. injection of IL-22 induces the hepatic production of circulating SAA, independent of IL-6 or TNFR1 signaling, and the transient mobilization of neutrophils that is associated with the rapid induction of hepatic gene expression for CXCL1, a neutrophil chemoattractant. The data of this study support the proposal that circulating IL-22, subsequent to its local expression in the context of tissue inflammation, is able to contribute also to the induction of systemic physiological processes, at least in part via its action in the liver.
Materials and Methods
Reagents IL-22 (AdIL-22)-and GFP (AdGFP)-expressing adenoviral vectors were generated by inserting a mouse IL-22 or GFP cDNA fragment downstream of the CMV immediate early promoter and enhancer into a plasmid that contains 0-1 and 9-16 map units of Ad5 virus. These vectors were linearized and individually used with a linearized helper vector, which contains 9-36 map units, to cotransfect the human embryonic kidney cell line HEK293 that expresses adenoviral E1a constitutively (32, 33) . The resultant replication-defective adenovirus, derived by intracellular homologous recombination and packaging, contains a deletion of E1a and E3. This virus was then amplified by further infection of 293 cells. Adenovirus used for administration to mice was released from infected 293 cells by three cycles of freeze thawing, purified by two cesium chloride centrifugation gradients, and dialyzed against PBS (pH 7.2) at 4˚C. Following dialysis, glycerol was added to a concentration of 10%, and the virus was stored at 280˚C until use. Mouse IL-22 was generated using methods previously described and had ,1 endotoxin unit/mg (14, 34) .
Mice
C57BL/6J, IL-6 deficient (B6;129S2-Il6tm1Kopf/J), and TNFR1-deficient (B6;129S-Tnfrsf1atm1Imx) female mice were obtained from The Jackson Laboratory (Bar Harbor, ME). All mice were used between 8-12 wk of age and housed in strict accordance with Pfizer Research Institutional Animal Care and Use Committee regulations.
Adenoviral infections
A single dose of 5 3 10 10 particles of recombinant adenovirus that expressed mouse IL-22 or GFP, the latter as the control, was injected into the tail vein of female C57BL/6J mice, age 7 to 8 wk, four to eight mice per group depending on the experiment. Mice from an experimental group were sacrificed at a given time point postinjection. Blood was collected by cardiac puncture for hematological and serum chemistry and by retroorbital sinus puncture for differential counts on blood smears, all performed at Ani Lytics (Gaithersburg, MD). Tissue was harvested, fixed in formalin, and stained with H&E for histopathology evaluation at Pathology Associates International (Wilmington, MA) or internally.
IL-22 i.p. administration C57BL/6J mice were injected with 25 mg rIL-22 or vehicle control (lowendotoxin PBS) via the i.p. route of administration. Blood and liver were harvested at 0.5, 1, 3, 6, and 24 h postadministration and analyzed. Neutrophil counts in the blood were determined using Cell-Dyn hematology analyzer (Abbott Diagnostics, Vienna, Austria). SAA and CXCL1 were quantified by SAA (Invitrogen, Carlsbad, CA) and CXCL1 (R&D Systems, Minneapolis, MN) ELISA, respectively, following the manufacturer's directions. RNA from the liver was prepared using the Ribopure RNA isolation kit (Ambion, Austin, TX). Quantitative RT-PCR was performed by TaqMan (Applied Biosystems, Foster City, CA) using prequalified primer/probes (Applied Biosystems). Concentrations of IL-6 and TNF-a were determined by the Inflammation CBA kit (BD Pharmingen, San Diego, CA).
Results
IL-22 delivered by adenoviral infection causes hematological changes, loss of body weight, thymic atrophy, and structural changes to the renal proximal tubules
To study potential systemic roles downstream of its expression, IL-22 was first ectopically expressed in C57BL/6J mice using a replication-defective adenovirus. Four days after AdIL-22 administration, 35-95 ng/ml IL-22 was detected in serum from a given mouse; with AdGFP treatment, #0.005 ng/ml IL-22 was detected in the serum (data not shown). Ki et al. (35) have recently reported the first use of adenovirus for the ectopic expression of IL-22, administering 2 3 10 8 PFU and detecting 4.5 ng/ml circulating IL-22 after 2.5 d. The 10-20-fold higher levels that we observed may be due to the use of a higher adenoviral dose (5 3 10 10 particles) and a later readout (4 d) of serum IL-22 levels. We examined the expression of acute-phase proteins up to 2 wk after adenoviral infection. Whereas AdGFP induced the production of SAA that was detected in the blood as early as 1 d postinfection, this expression of SAA resolved by day 3 (Fig. 1A) . In contrast, AdIL-22 sustained high levels of circulating SAA on days 3, 7, and 14 postinfection. SAA in the blood, after AdIL-22 infection, peaked at a mean concentration of 770 mg/ml on day 7, an 85-fold induction relative to the level observed after AdGFP infection. Fibrinogen, another acute-phase protein, was also enhanced in the blood of mice administered AdIL-22, starting as early as day 1 and sustained on days 3 and 7 (Fig. 1B) . AdIL-22 infection induced a 4.6-fold induction of fibrinogen on day 7 that was statistically significant relative to AdGFP infection. Again, AdGFP initially induced fibrinogen expression that began to resolve by day 3. Whereas the expression of most acute-phase proteins is elevated, albumin decreases during an acute-phase response (36) . AdIL-22-infected mice have a subtle, yet statistically significant and consistent, decrease in serum albumin on day 7 compared with AdGFPinfected control mice that was no longer significant on day 14 ( Fig. 1C ). These observations demonstrated that exposure to IL-22 for 2 wk, using a replication-defective adenovirus for ectopic expression, resulted in the modulation of certain blood proteins indicative of an acute-phase response.
We also examined the effects of AdIL-22 infection on levels of circulating blood cells. Mice treated with AdIL-22 had a statistically significant 1.4-and 2-fold increase in blood platelets, compared with AdGFP-treated groups, on days 7 and 14, respectively, after adenovirus administration (Fig. 1D ). In addition, we detected a statistically significant 13 and 14% decrease in circulating RBCs on days 7 and 14, respectively, in the AdIL-22-treated mice (Fig. 1E) . Consistent with this, statistically significant decreases were also detected in both the serum hematocrit ( Fig. 1F ) and hemoglobin (data not shown). We observed increased numbers of segmented neutrophils in the blood, although not always statistically significant (data not shown). Taken together, these hematological changes, observed in mice infected with AdIL-22, suggested that IL-22 is able to induce an acute-phase response.
A trend toward decreased whole body weight for AdIL-22-treated mice, relative to AdGFP-treated, was observed 7 d after viral administration. This differential in body weight was statistically significant by 14 d, with a group mean loss of 9% determined for AdIL-22-treated mice, relative to AdGFP-treated ( Fig. 2A) . A loss in body weight is also indicative of an acute-phase response (37) .
GFP detection in tissue from mice infected with AdGFP demonstrated that the liver is the major organ of adenoviral infection (data not shown), consistent with previous reports regarding adenoviral tissue infectivity (38) . Whereas IL-22 has the ability to be hepatoprotective and hepatoproliferative (23, 26, 39, 40) , AdIL-22 administration did not induce an increase in liver weight relative to the AdGFP treatment ( Fig. 2B ; noting that each symbol is a mean from a study, with the horizontal bar indicating the mean of the means from four or five studies). The reproducible decrease in organ weight between day 7 and day 14 is probably due to resolution of the replication-defective adenoviral-induced inflammation including edema of the liver (J. M. Wilson, personal communication). Microscopic examination of the liver indicated a slight to mild single-cell hepatocellular necrosis with mononuclear cell, mixed cell, or neutrophilic infiltrates observed in livers from AdIL-22-and AdGFP-treated mice sacrificed on day 7 and 14 postinfection (data not shown). The severity and incidence of liver inflammation was comparable between the two groups over several studies. We conclude that the ectopic hepatic expression of IL-22 did not affect the adenoviral-induced liver inflammation.
Whereas IL-22 was primarily expressed in the liver, we also looked for effects of AdIL-22 infection in other organs. We and others have reported previously that IL-22 induces keratinocyte hyperplasia and that blockade of IL-22 prevents the progression of psoriasis-like skin inflammation (19) (20) (21) . With IL-22 administered by adenovirus, we did not observe any macroscopic changes in the skin at necropsy on day 7 or 14; we did not evaluate the skin microscopically. We did not detect any distinct microscopic findings in the brain, spinal cord, lung, heart, spleen, submaxillary lymph nodes, adrenal glands, pancreas, ovaries, vertebrae, or bone marrow from mice administered AdIL-22 compared with AdGFP (data not shown). AdIL-22-related effects were, however, observed in the thymus and kidney.
Lymphoid depletion in the thymus was detected microscopically in all groups of mice and occurred with a higher incidence on days 7 and 14 in mice receiving AdIL-22 (data not shown). Described as generalized thymic atrophy, there was an observed decrease in the number of cortical and medullary lymphocytes in thymuses from AdIL-22 treated mice relative to GFP treated. These microscopic findings in the thymus correlated with lower absolute (Fig. 2C ) and relative (data not shown) thymus weights from mice treated with AdIL-22 compared with AdGFP. The group means for absolute thymus weights from AdIL-22-treated mice on days 7 and 14 after viral administration were 56 and 54% lower, respectively, than the means from AdGFP-treated mice. These data indicated that sustained IL-22 exposure delivered by adenovirus induced thymic atrophy, which is also a characteristic of an acute-phase response (41) .
Slight to mild multifocal tubular basophilia was observed in the renal cortex on days 3, 7, and 14 in AdIL-22-treated mice (Fig.  2D ). Basophilia in a tissue refers to blue-purple staining of nucleic acid-containing constituents by the basic dye hematoxylin (42) . This heightened staining of nucleic acid is indicative of cellular proliferation and metabolic changes associated with tissue regeneration subsequent to injury (43, 44) . Affected proximal convoluted tubules were lined by epithelial cells that had slightly enlarged vesicular nuclei and basophilic (i.e., hematoxyphilic) cytoplasm compared with tubular epithelial cells in other segments of the nephron (Fig. 2D) .
AdIL-22 studies demonstrated that sustained IL-22 exposure is able to induce blood, organ, and whole body effects indicative of an acute-phase response. We addressed whether the adenoviral vehicle itself contributed to the overall effects of AdIL-22 by evaluating in one study the impact of daily injections of IL-22 protein. Overall, the modulation of acute-phase proteins, blood cells, and organ and body weight changes observed with AdIL-22 were recapitulated with daily cytokine injections over a 2-wk period (data not shown). In particular, 25 mg IL-22 daily, administered either s.c. or i.v., induced a group mean 8% decrease in body weight and a 60% decrease in absolute thymus weight, both relative to daily vehicle injections. Renal tubular basophilia was also observed in the kidneys of mice that were administered recombinant mouse IL-22 daily for 2 wk (data not shown). Whereas the adenoviral delivery may have contributed to the intensity of certain sustained effects (i.e., circulating SAA), we conclude that IL-22 alone is able to sustain an acute-phase response over several days.
IL-22 induces the production of SAA independent of IL-6 or TNFR1 signaling
To study further acute systemic effects of IL-22, we administered a single 25-mg dose of IL-22 to mice by i.p. injection and examined the blood and liver. As early as 3 h postadministration of cytokine, IL-22 induced a statistically significant 2.4-fold increase, relative to PBS, of circulating SAA protein that increased to 17-fold and 250-fold at 6 and 24 h, respectively (Fig. 3A) . Because hepatocytes are the major source for acute-phase proteins (30), we evaluated SAA and other acute-phase protein gene expression in the liver after i.p. IL-22 or PBS administration. As early as 0.5 h posttreatment, the induction of SAA1 transcript was detected in some of the IL-22-treated animals with statistically significant 42-fold and 3.3-fold increases observed at 1 and 3 h, respectively (Fig. 3B ). This induction of SAA liver transcript and circulating protein by IL-22 is consistent with previously reported results (17, 31) . We also observed that IL-22 significantly enhanced fibrinogen transcript in the liver as early as 1 h postinjection (Fig. 3B) . Although not statistically significant, there was also a trend toward increased gene expression for haptoglobin (Fig. 3B) . IL-22 did not modulate albumin transcript levels in the liver (Fig. 3B) . Together, these data indicated that IL-22 induces the expression of acute-phase proteins from the liver as soon as 1 h after its i.p. administration.
Although injection of IL-22 is sufficient to induce SAA, IL-22 may be doing this indirectly via the expression of another cytokine that then effects the expression of SAA from the liver. We determined that a single injection of IL-22 does not modulate IL-6, TNFa, and IL-1b gene expression in the liver or kidney (data not shown) or IL-6 and TNF-a protein in the blood (Fig. 4A) . We also determined that IL-22 is able to induce the production of circulating SAA in IL-6-or TNFR1-deficient mice to the same levels observed in wild-type controls (Fig. 4B) . These data suggest that IL-22 is able to act via its receptor on hepatocytes to directly modulate SAA transcription and translation from hepatocytes in the liver.
IL-22 induces transient neutrophil mobilization and CXCL1 in the blood
We observed that a single i.p. injection of IL-22 induced a transient, statistically significant 2-fold increase in neutrophil counts in the blood 1 h after cytokine administration (Fig. 5A) . We detected a statistically significant 14-fold transient increase in CXCL1 in the serum at 1 h postadministration (Fig. 5B) and determined that CXCL1 transcripts in the liver were significantly enhanced (i.e., 55-fold) by 0.5 h postinjection (Fig. 5C) . In consideration of the transient increase of neutrophils and the injection site, we examined the peritoneal lavage of mice at 24 h but did not detect an increase in neutrophil levels in the IL-22-treated mice relative to vehicle. In the context of adenovirus delivery, in which there was a trend (i.e., not always statistically significant within a given study; data not shown) toward an increase in blood neutrophils, microscopic examination did not indicate an increased extravasation of neutrophils to livers of AdIL-22-treated mice relative to AdGFP. Although we do not know the target organ for the neutrophils, we demonstrated with our data that IL-22 can induce neutrophil mobilization that is tightly associated with the expression of the neutrophil chemoattractant CXCL1 from the liver and its circulation in the blood.
Discussion
IL-22 is made by Th17, noncytolytic NK, lymphoid tissue-inducer, and skin homing Th22 cells (3) (4) (5) (6) (7) (8) (9) (10) . Although produced by these novel innate and adaptive immune lineages, IL-22 signals via its receptor only on the surface of epithelial cells and some fibroblasts (11) (12) (13) (14) . IL-22 is therefore proposed to function locally to modulate tissue inflammation (1) . We demonstrate in this paper that IL-22 also has the ability to induce systemic effects in the blood, certain organs, and whole body. We report for the first time, to the best of our knowledge, that IL-22 induces hepatic gene expression for fibrinogen and CXCL1, modulates circulating levels of fibrinogen, CXCL1, neutrophils, platelets, and RBCs, produces SAA independent of either IL-6 or TNFR1 signaling, and causes thymic atrophy and body weight loss. Together, the effects that we observe are indicative of an acute-phase response (28) (29) (30) . In addition, we report that IL-22 induces renal tubular basophilia. Collectively, the data of this study support the proposal that IL-22 can modulate systemic processes as a result, in part, of its circulation to and induction of gene expression in the liver.
The liver was the first organ shown to be grossly affected by IL-22 in the context of local tissue inflammation. Radaeva et al. (23) and Pan et al. (45) determined that IL-22 induces antiapoptotic and mitogenic gene expression from hepatocytes in vitro and in the liver. They proposed a functional correlation of this gene ex- (39) proposed that IL-22 is able to maintain metabolic activity of primary human hepatocytes in vitro with IL-22 transcription induced in the liver in the context of human hepatitis (46) . Ren et al. (40) have most recently shown that IL-22 plays a role in liver regeneration subsequent to partial hepatectomy. Thus, the local induction of gene expression by IL-22 is proposed to protect the liver from inflammation. Interestingly, we observed microscopically that the ectopic expression of IL-22 in the liver does not appear to affect the mild inflammation that is induced by a replication defective adenovirus. In addition, AdIL-22 did not induce heightened proliferation of hepatocytes that was detectable microscopically or by a change in liver weight relative to AdGFPtreated mice. We conclude that the local effects of IL-22 in the context of a replication defective adenoviral infection of the liver are distinct from the hepatoprotective effects of IL-22 observed subsequent to viral, chemical, or surgical injury to the liver.
We do propose that IL-22, either produced in or circulating to the liver, can act directly on the liver to effect hepatic gene expression that has systemic ramifications. In this study, we demonstrate that CXCL1 transcript is induced in the liver in vivo by 30 min (Fig. 5C ) and fibrinogen A and SAA1 by 1 h (Fig. 3B) after a single i.p. injection of IL-22. Furthermore, the proposed resultant increase in circulating SAA is independent of either IL-6 or TNFR1 signaling (Fig. 4B) . We also did not detect an increase in TNF-a, IL-6, or IL-1b transcript in the liver or kidney (data not shown) or increased levels of TNF-a or IL-6 protein in the blood (Fig. 4A) . Consistent with our findings, Dumoutier et al. (31) demonstrated that IL-22 induces SAA gene expression in the HepG2 hepatocellular carcinoma-derived cell line in vitro. Cycloheximide, a protein synthesis inhibitor, did not inhibit this SAA transcription, suggesting that IL-22 directly induces gene expression of SAA from this cell line. The observed rapid in vivo onset of IL-22-mediated hepatic gene expression, accompanied by a lack of TNF-a, IL-6, and IL-1b transcription and/or protein, supports the conclusion that IL-22 is acting directly to induce the expression of blood proteins.
Acute-phase proteins, induced in the context of inflammation, have been demonstrated or hypothesized to facilitate systemic and physiologic processes. We report on a temporal relationship between IL-22, CXCL1, and neutrophils. A single i.p. injection of IL-22 induces CXCL1 transcription in the liver by 30 min, with a transient increase in circulating CXCL1 protein and neutrophils detected by 1 h (Fig. 5) . G-CSF, an inducer of neutrophil development, and CXCL2 and CXCL5, mobilizers of neutrophils, were undetectable in the serum (data not shown). We therefore propose that CXCL1 is the acute-phase protein and chemokine that leads to the transient elevation of circulating neutrophils after a single administration of IL-22. Our observations suggest that exposure of the liver to circulating IL-22, subsequent to its production elsewhere by tissue-resident innate and adaptive immune cells, may be a mechanism for enhanced systemic immunity.
IL-22 also induces hepatic gene expression of SAA, with 1 mg/ ml levels of circulating SAA detected in the blood after a single injection of IL-22 ( Fig. 3) and elevated levels maintained with sustained exposure to IL-22 (Fig. 1A, data not shown) . SAA is a lipophilic protein and the major acute-phase protein in mice (47) . Although formyl peptide receptor-like 1 was originally defined as the cell surface receptor for SAA (48), Cheng et al. (49) have recently determined that SAA also signals via TLR2. As SAA has pleiotropic functions, including the direct opsonization of certain bacteria and viruses, binding and transport of cholesterol, cell trafficking and chemotaxis, and induction of cytokine and chemokine gene expression (47) , it is possible that IL-22-induced SAA is mediating effects of systemic IL-22 exposure.
A relationship between SAA and IL-22 in a disease prevention setting has recently been reported. Misse et al. (50) described a group of individuals whom have been repeatedly exposed to HIV-1 and yet are still uninfected with virus. These individuals have elevated levels of an SAA cleavage product in their blood. PBMC-derived, activated CD4 + T cells from these uninfected yet virally exposed individuals contain 13-and 26-fold higher levels of IL-22 transcript compared with corresponding cells from healthy and HIV-infected individuals, respectively. No changes in transcript levels for IL-6, TNF-a, and IL-1b among these patient groups were observed. As rSAA was shown to downmodulate the CCR5 HIV-1 coreceptor on the surface of target cells and thereby block viral infectivity in vitro, the authors propose that the increased production of IL-22 by T cells in these individuals may contribute to the production of the novel SAA fragment and subsequent protection from viral infection.
With regard to intestinal homeostasis, Ivanov et al. (51) SAA is also able to induce renal tubule formation in vitro with the in vivo expression of SAA associated with tubule generation in embryonic or ischemic kidneys (52) . We demonstrate that sustained IL-22 exposure, delivered by adenovirus (Fig. 2C) , induces some metabolic or proliferative activity in proximal tubules in the kidney. IL-22 may be acting directly on the renal proximal tubules, as IL-22R is expressed on epithelial cells and detected in the kidney. Alternatively, the IL-22-mediated renal alterations that we detected may be due to the induction of SAA by IL-22 and the subsequent direct effects of SAA on epithelial cells in the kidney.
Whereas IL-22 is proposed to act on epithelial cells in the context of its local production with tissue inflammation, including at mucosal barriers and in the skin, our observations suggest that IL-22 can also act distant from these sites of expression and subsequent to its circulation. We note that IL-22 is readily detected in the blood of animals, including humans, that present with inflamed tissue (21, 27) . We propose that additional systemic functions of IL-22 will be defined as a result of its action in the liver and, potentially, in synergy with other cytokines, Taken together, IL-22, despite the lack of its receptor expression on immune cells, could have considerable indirect systemic effects on immunity and leukocyte function potentially as a result of its direct induction of SAA and other acute-phase proteins such as CXCL1 from the liver.
An acute-phase response is the liver-directed modulation of a variety of physiological systems, including coagulation and fibrinolytic, the goal being to facilitate an animal's return to wholebody homeostasis. With the initial definition of the highly expressed acute-phase proteins, the concept of an acute-phase response subsequently developed as a collection of biomarkers that superficially describe a very complex set of mechanisms driven by a variety of cytokines effects on the liver. Over the past 10 y, acute-phase proteins have received a fresh functional relevance and are used to measure systemic inflammation in an individual. Our science in this study considers the singular impact of IL-22 in the liver with regard to an acute-phase response. We show that IL-22 can quickly induce biochemical mediators that can have substantial impacts on blood proteins, blood cells, immune cells, and peripheral tissues. Our data suggest that the impact of IL-22 on biological functions in vivo, through secondary mediators, extends beyond cells that express the IL-22 receptor.
